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Abstract 
Ski lifts are devices serving for transportation of skiers up a hill. The Dynamics analysis of ski lift consists of several parts. The Dynamics 
of body represents the first part including sliding and rotary motion, moment of inertia, kinetic energy. Thy Dynamics of a set of bodies 
represents the second part, which is possible to be addressed by the method of reduction of mass and force quality (besides other 
methods), which is the method used in this article. The article deals with the Dynamics analysis of ski lifts drive. The aim of the article is 
to create the Dynamic motion equation of a reduced set of bodies by the method of reduction. 
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Nomenclature 
Ek kinetic energy of system (kg m2 s-2)
Ired reduced moment of inertia of system (kg m2) 
Mred reduced moment of system (kg ms-2 m) 
P system power (W) 
ĮM angular acceleration (rad s-2) 
ȦM angular velocity (rad s-1) 
1. Introduction 
Skiing as a favorite winter sport is tied to ski lifts, which have served skiers for over several decades to overcome altitude 
differences. 
The aim of this paper is to bring forward the issue of ski lift drive in terms of dynamics of its mechanical system. 
Analysis of the dynamics of drive is divided into several sections. Namely it is the count of masses, kinetic energies, 
selected kinematic variables and moments of inertia of individual members of mechanical system of the drive. 
The next section contains compiled dynamic motion equation of mechanical system using the mass and force variables 
reduction method. 
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2. Ski lift drive mechanical system 
There are ski lifts of various lengths and structures. Each lift has maximum capacity of persons carried per a unit of time, 
overcomes various elevations at various lengths and at various velocities. 
Lift velocity is determined by engine power (or torque), transmission type and track surface. A typical ski lift consists of 
propulsion station, track supports, rope and towing equipment. Fig. 1, 2 show photos of propulsion station and lift track 
supports, which are the subjects of the solution. 
  
Fig. 1. Ski lift propulsion station. 
Fig. 2. Ski lift track supports. 
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Basic technical parameters of the ski lift: 
1. Slope track length      767.21 m 
2. Track elevation      154.31 m 
3. Average track elevation     21.2 % 
4. Slope track length      727.17 m 
5. Track elevation      150.65 m 
6. Transport velocity      2.41 m.s-1
7. Ride duration      301 s 
8. Transport capacity      800 persons.hour-1
9. Minimum distance between hinges    21.7 m 
10. Time interval between hinges     9 s 
11. Number of hinges      71 units 
12. Number of carried persons on one hinge    2 
13. Number of skiers on track     66 
14. Electromotor  power      55 kW 
15. Tension weight      2700 kg 
16. Tension force      54 kN 
17. Total length of transport rope     1541 m 
2.1. Kinematic diagram of ski lift drive 
Fig. 3 shows kinematic diagram of ski lift drive with labeled individual members of the mechanical system and selected 
kinematic variables.  
Fig. 3.  Kinematic diagram of ski lift drive. 
Labels of members of the system on Fig. 3 mean: 
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• M- engine 
• H1, H2, H3, H4, H5, H6- shaft 
• S- transmission 
• B- brake 
• Z1, Z2, Z3, Z4, Z5, Z6- cogwheels 
• L- rope reel 
• Z- flywheel 
• ȦM,  Ȧ1, Ȧ2, Ȧ3- angular velocities 
Masses and moments of inertia of individual members of the mechanical system (see Fig. 3) are shown in Table 1. 
                                                          Table 1. Masses and moments of inertia of members of the mechanical system 
Name Index Diameter 
[mm] 
Mass 
[kg] 
Moment of inertia 
[kg.m2] 
Engine rotor M 350 60 9.1875.10-1 
Shaft H1 50 12.32 3.8500.10-3 
Transmission S 90 0.95 9.6188.10-4 
Shaft H2 45 1.875 4.7461.10-4 
Brake 
Shaft 
B 
H3 
400 
45 
15.53 
4 
3.1060.10-1 
1.0125.10-3
Cogwheel Z1 114 5.28 8.5774.10-3 
Cogwheel Z2 300 12 1.3500.10-1 
Shaft H4 45 4 1.0125.10-3 
Cogwheel Z3 114 1.043 1.6944.10-3 
Cogwheel Z4 252 10.11 8.0253.10-2 
Shaft H5 45 3.75 9.4922.10-4 
Cogwheel Z5 150 8 2.2500.10-2 
Cogwheel Z6 1700 120 43.350 
Shaft H6 70 15.1 9.2488.10-3 
Rope reel 
Flywheel 
L 
Z 
2000 
2100 
160 
180 
80 
99.225 
2.2. Kinetic energy and angular velocities of members of the system 
Kinetic energy of individual members of the system (and the whole system) can be determined in function of angular 
velocity of engine. 
Kinetic energies and angular velocities are shown in Table 2. 
Total kinetic energy of the mechanical system is the sum of kinetic energy of the members performing rotary motion (Ek 
rot) and sliding motion (Ek posu) 
                                                   Ekcelk. = Ek rot. + Ek posu. = 19643.226 + 16284.028  (1) 
Ekcelk. = 35927.254 J 
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                                                             Table 2. Kinetic energies of members of the system and their angular velocities 
Name Index Kinetic energy 
[J] 
Angular velocity 
[rad.s-1] 
Engine rotor M 11333.23 157.07 
Shaft H1 47.491 157.07 
Transmission S 11.864 157.07 
Shaft H2 5.854 157.07 
Brake 
Shaft 
B 
H3 
3831403 
12.489 
157.07 
157.07 
Cogwheel Z1 105.805 157.07 
Cogwheel Z2 245.843 59.686 
Shaft H4 1.843 59.686 
Cogwheel Z3 3.085 59.686 
Cogwheel Z4 29.899 27.001 
Shaft H5 0.353 27.001 
Cogwheel Z5 8.388 27.001 
Cogwheel Z6 125.890 2.41 
Shaft H6 0.107 2.41 
Rope reel 
Flywheel 
L 
Z 
232.324 
288.154 
2.41 
2.41 
2.3. Dynamic motion equation of the mechanical system 
Dynamic motion equation of the mechanical system is compiled using the mass and force variables reduction method, 
whereas the motion of original system is reduced to engine motion (rotary): i.e. dynamic motion equation of the reduced 
system will be [1]: 
                                                                              redMred MI =α. ,  (2)
where Ired – is reduced moment of inertia, 
  ĮM – is angular acceleration of engine,  
  Mred – is reduced moment. 
If we adhere to the conditions of reduction, i.e. that kinetic energy, work and power of original and reduced system are 
identical then equation (2) will have form: 
                                                                            
M
M
M
k PE
ω
α
ω
=.
.2
2 ,  (3)
To determine power P in the original system we use engine power PM motor, the power required to tow skiers, counting 
in the track slope, friction, mechanical losses in the system, then the dynamic motion equation of the reduced system will 
be: 
                                                                         MMkcelk PE ωα ...2 . = ,  (4)
after substitution 
3762057 § 3891450 
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3. Conclusion 
The numerical results of the solution of dynamic motion equation show that there is an approximate equality with slight 
predominance on the side of engine between the installed engine power and the passive resistances, active forces and 
appropriate system dynamics (e.g. during start). This means that the particular system drive can handle useful work (towing 
skiers) and appropriate dynamics (start of the lift). 
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